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Section I
Introduction

The useful service life of hydraulic fluid in armored vehicles is needed to eliminate
unnecessary hydraulic fluid changes and to eliminate damage to hydraulic systems
caused by deteriorated hydraulic fluids. Because of a lack of data correlating
hydraulic fluid properties with the age and usage history of the hydraulic system,
fluid chang,: policies have been established for individual armored vehicles which
range from extremely conservative to nonexistent. For example, some lube orders
recommend that the hydraulic fluid be changed every 6 months, while others require
no changes and no testing, thus allowing the fluid to remain in the vehicle for the
entire life of the hydraulic system.

To establish in-service use limits, baseline data is required showing the physical
property changes of the hydraulic fluid along with the vehicle's usage history.
Operational vehicles with hydraulic fluid of known ages were needed for testing on a

regular schedule. The data would be used to determine a sensible change interval for
the hydraulic fluid based upon easily measured physical properties or a standard time
interval.

Since at least two military hydraulic fluids--MIL-H-6083 1 (OHT) and MIL-H-
461702 (FRH)-are used in various pieces of military equipment under varying
conditions, it is clear that information for the different fluids in specific pieces of
equipment sh'ould be determined before any generalizations concerning change
intervals for all hydraulic fluids in all pieces of equipment can be made.

The Fort Sill, OK, M! Corps Artillery was approached to cooperate in this program
since it is a source of self-propelled artillery being used in regular Army
environmenL Personnel from the [ Corps were willing to provide test vehicles and
personnel to draw samples and provide the accompanying vehicle log data for the
program. The Belvoir Research, Development and Engineering Center (BRDEC),
Materials, Fuels and Lubricants Directorate, Fuels and Lubricants Division, provided
guidance, hydraulic fluid sampling containers, and testing of the samples. MIL-H-
6083 is the hydraulic fluid used in the MI09A3s and MIlOA2s participating in the
program.



Section II
Approach

The purpose of the testing program was to develop meaningful in-ervice use limits

and to provide information for establishing standard drain/replacement intervals and

procedures for OHT hydraulic fluid being used in self-propelled artillery.

A total of 17 M109A3s and M 1lOA2s from several battalions were selected for

participation in the program. It was essential that each participating Howitzer have

hydraulic fluid of known age at the beginning of testing so the properties of the aging

fluid could be tracked by fluid age, hours of service, and miles driven. Hydraulic

fluid samples were drawn every 6 months and sent to the Fuels and Lubricants

Division for testing along with hours of service, mileage, fluid replenishment, and

other miscellaneous information. The Test Plan is included as Appendix A.

Appendix B is a listing of participating vehicles with their fluid ages, mileages, hours

of service, and firing data. The beginning fluid age was unknown for several of the

vehicles. In these cases, the age is indicated as "00+month" to show that the age is at

least 0 month's, or "13+months" to indicate that the fluid is at least 13 months old.

Since thenm is very little data on "old" hydraulic fluid, these samples can provide

valuable information to support conclusions on hydraulic fluid aging, even though

their data cannot be used to indicate the condition of fluid on an absolute age. A few

vehicles required a complete fluid change during the program because of a hydraulic

component change or by Army Oil Analysis Program (AOAP) direction. The fluid

age reflects this action.
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Section III
Test Results

After 18 months of testing, no discernible tends of hydraulic fluid
deterioration were apparent in fluid samples up to 32 months old. Most fluid
properties, except fluid cleanliness, remained within the limits of the MIL-H-

6083 specification for new fluid. Most hydraulic fluid samples were very
dirty, far exceeding the MIL-STD- 1246, Level 200 3 cleanliness standards
established for the vehicles (see Appendix C). Appendix D lists typical
values and specification limits for new hydraulic fluid. Appendix E is a
tabulation of all laboratory data for each vehicle. Appendix F lists most the
data by fluid age to highlight any trends. A discussion of each of the tests and
results follows.

WATER CONTENT

The percentage of water was determined using the American Society for
Testing and Materials (ASTM) D1744 Karl Fischer Reagent method. The
specification limit is 0.05% (500 pans per million). Only 20 of the 62 fluid
samples met this limit. Excessive water promotes corrosion and breakdown
of the corrosion inhibitor, so water should be cazefully controlled.

TOTAL ACID NUMBER

The acid number was determined by the ASTM D664 potentiometric titration
test method. Unfortunately, data were not obtained in October 1989 and May
1990 due to an equipment malfunction. There were no significant differences
in the acid number values for the samples analyzed. An increase, in acid
number indicates a breakdown of the hydraulic fluid additives and a buildup

of corrosive by-products.

GALVANIZED CORROSION

A few samples were tested for galvanic corrosion, determined by Federal Test
Method Standard (FTM) 791C, method 5322. to check for the development of
corrosive by-products or deterioration of the corrosion inhibitors. No
galvanic corrosion was detected.
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VISCOSITY AT 400C

Kinematic viscosity was determined by the ASTM D445 method. There were no
discernible changes in viscosity. This type of hydraulic fluid may suffer a decrease in
viscosity as the viscosity index (VI) improver is broken down (sheared) through
usage.

STEEL-ON-STEEL WEAR

Steel-on-Steel Wear, the 4-Ball Wear Test, was performed according to ASTM
D4172 on about half of the fluid samples. A discernible trend was not confirmed,
although additional testing of older samples may show that the wear scar diameter
increases as the fluid age increases. Appendix G presents a graph of fluid age and
wear scar diameter showing the possibility of a trend. This test correlates well with
full scale pump tests in determining the ability of a fluid to protect metal components
from wear.

SOLID PARTICLE CONTAMINATION, GRAVIMETRIC METHOD

Fluid samples were filtered through 0.45 micron filters to measure the total amount
of solid particulate contamination according to ASTM F313. Hydraulic fluid must be
ultra clean to protect sensitive hydraulic components. Even fluid samples with no
visible contamination may be excessively contaminated. In addition, dirt and water
contribute to the premature breakdown of the hydraulic fluid, and abrasive particles
cause wear of sealing materials. The fluid specification limit is 0.5 milligram per 100
milliliters of hydraulic fluid. Only two of the 62 samples met this limit. Many were
10 or 20 times this amount; several were not determined since the contamination was
excessive, with visible seeds and other debris. It is possible that at least some of the
contamination was introduced during sampling. This type of excessive
contamination causes wear and failure of hydraulic components. Usually, these
failures are not catastrophic so that the true cause of failure is not traced to the
condition of the hydraulic fluid.

PARTICLE SIZE DISTRIBUTION

The solid contaminants were also determined on the automatic particle counter for
most samples. Samples with excessive contamination were not determined because
of potential damage to the automatic particle counter. This data confirmed the
gravimetric data which showed contamination exceeding many fluid cleanliness
standards. The hydraulic fluid cleanliness standards shown in Appendix C are
BRDEC's fluid cleanliness standards for construction, earthmoving, and material
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handling equipment; MEL-STD-1246B, Level 2003, the hydraulic fluid
contamination limit for all new and rebuilt M 109 models; NAVAIR 01-IA-17,4 the
widely used Navy technical manual for aviation hydraulics; and NAS 1638, a 1964

document of the Aerospace Industries Association of America, Inc., which provides
cleanliness requirements for pars used in hydraulic systems. Most Fort Sill samples
exceeded all of these standards.

Section IV
Correlation with AOAP Data

The AOAP was designed to analyze engine oil samples to detect unusual wear before
a major failure occurs. This spectrometic analysis of the hydraulic fluid can

measure metallic wear particles in the hydraulic system which could indicate an
imminent failure. Howev,-r. this method does not measure large quantities of non-
metallic solid contamination in the hydraulic fluid, which is a major cause of
hydraulic system failures. The crackle test used by AOAP labs to measure water
contamination in adequate for engine oil samples, but not for hydraulic fluid,
although it does indicate excessive wamr and has some value.

Hydraulic fluid test data from the AOAP were obtained so that correlations with the
physical property data from the Use Limits Testing Program could be made.
Appendix H lists all available AOAP data. Since AOAP sampling of hydraulic fluid
is required annually, it would be desirable to correlate hydraulic fluid deterioration
with data being obtained in AOAP testing. Most samples were not sent to the AOAP
lab the same day they were taken, so few direct comparisons could be made. An
attempt to correlate AOAP silicon values with gravimetric data was unsuccessful. It
appears there are no useful correlations between the Use Limits Testing Program data
and the AOAP data.
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Section V
Hydraulic Fluid Patch Test

The US Navy uses a Hydraulic Fluid Contamination Analysis Kit for testing aircraft

hydraulic fluids aboard ship where laboratory hydraulic fluid analysis is not

available. This kit is described in technical manual NAVAIR 17-15E-52. 5 A 100
milliliter hydraulic fluid sample is filtered through a 5.0 micron filter (the "patch")
and then the color of the patch is compared to known color standards for a fast go/no-
go test of the cleanliness of the hydraulic fluid. The color standards range from white
to varying shades of grey or white to varying shades of tan. The color standards

correspond to the NAVAIR 01-1 A- 174 Particle Contamination Level Classes.

Classes 1 through 5 am acceptable and Class 6 and above unacceptable for aircraft

(Appendix C). Unacceptable hydraulic fluid must either be cleaned in a purifying
unit or a complete flush-and-fill is required. The patch kit technique is appealing

since it is inexpensive, simple to perform in the field, and quite reliable for the high
cleanliness standards required for Naval aircraft.

Since this type of patch kit testing could easily be used for monitoring hydraulic fluid

samples from ground vehicles, Fort Sill hydraulic fluid samples were filtered through
5.0 micron filters to gather data useful to assess the patch kit method for armored
vehicles. The patches were retained for comparison with the Navy color standards

and with other particle contamination data obtained during the testing progrn.

These patches may be used as future standards if a patch test is adopted for armored

vehicles.

The patches show a rough correlation between the weight of gravimetric insoluble

material, the automatic particle count, and the Navy patch class. Appendix I lists the

patch test correlation data. Since most of the Fort Sill samples failed the Navy patch
test, which has a maximum rating of 6, additional patch ratings of 7, 8, and 9 were

assigned to describe many of the Fort Sill samples, which were darker shades of grey
to black. This was done to determine if the patch colors correlated with the quantity

of contamination. A graph of gravimetric insolubles versus the 'Extended" Navy
Patch Kit Ratings is shown in Appendix J. A difficulty using the patch test at high

contamination levels was that there was less color difference between samples than at
the lower contamination levels bo that discrimination between different levels of

cleanliness was more difficult, if not impossible.
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Howover, this method, with appropriate color standar for ground vehicles, would
be useful for self.propelled artillery if improved filtration is used on each vehicle so

that the hydraulic fluids become much cleaner. With the installation of new and

improved filtration units on each vehicle, an increased awareness of hydraulic fluid

cleanliness would be required. At that time, a method of monitoring hydraulic fluid

cleanliness would be desirable and the patch test method is a good candidate.

Section VI
Conclusions and Recommendations

No hydraulic fluid deterioration trends can be confirmed at this time, approximately

halfway through the anticipated testing program. It is recommended that this

program continue until all original samples have reached a 36-month age. Additional

acid number and 4 Ball Wear Test data will be very informative.

All fluid samples were quite dirty and most contained too much water. Improved
techniques and/or equipment modifications are needed to eliminate this problem.

Fluid cleanliness and water control can be achieved in many ways. Improved

filtration is recommended to remove the solid contaminants. Care must be taken in

filling and replenishing hydraulic systems to avoid introducing contamination into

the system. Opened hydraulic fluid cans and leftover fluid must be discarded since
the fluid becomes contaminated when the container is opened. Use of a portable

fluid purifier unit can be a useful maintenance procedure. Redesign to include a

closed hydraulic system would provide significant cleanliness and watr
improvements. Also, reservoir purifier/breathers can prevent some moisture and

contaminants from entering the system. A significant improvement in the cleanliness

of the hydraulic fluid would prevent unnecessary fluid changes and thus reduce costs

of fluid replacement and disposal.
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Appendix A
In-Service Use Limits for MIL-H-6083
Used In Self-Propelled Artillery-
Test Plan

PURPOSE

To develop meaningful in-service use limits and assist in establishing a standard
drain/replacement procedure for ML-H-6083 (OHT) hydraulic fluid being used in
self-propelled artillery.

SCOPE

OHT samples are to be drawn at regular intervals from the hydraulic fluid systems of
MI09 and MIl0 Self-Propelled Artillery located at the [M Corps Artillery, Fort Sill,
OK. The samples will be analyzed at this laboratory for water content, total acid
number, corrosion protection, particulate contamination, viscosity, and other tests
deemed appropriate. The laboratory results will be correlated with those data
obtained through the Army Oil Analysis Program (AOAP) and the vehicle log data,
such as accumulated mileage between sampling, hours of operation, number of
fuings, etc., to determine OHT in-service use limits for these vehicles.

POINTS OF CONTACT

Fort Sill is willing to support the OHT in-service use limits testing.
Points of contact are:

1. L. Col. St. Cyr DSN 639-4962,639-6509
2. Capt. Taylor DSN 639-4962,639-6485
3. MSgt. Tronson DSN 639-4962,639-6485

Headquarters, [U Corps Artillery
ATTN: AFVI-HD
Fort Sill, OK 73503
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The US Army Belvoir Research, Development and Engineering Center (BRDEC) has

overall program responsibility. Point of contact is Ms. Connie Van Brocklin,
Materials, Fuels and Lubricants Laboratory, Fuels and Lubricants Division, Fort
Belvoir, VA 22060-5606, Telephone: DSN 354-4594, Commercial (703) 664-4594.

RESPONSIBILITIES

Fort Sill:

* Identify M109 and MII0 vehicles that will be dedicated for this project.

* Draw OHT samples according to agreed- upon procedures, provide vehicle

information, and send the samples and vehicle information sheets to BRDEC.

Concurrent with the sampling, submit an additional sample to the AOAP
laboratory and provide a copy of their results to BRDEC.

BRDEC:

* Provide sampling instructions, sample containers, vehicle information sheets,

and shipping containers for Fort Sill.

" Analyze OHT samples in the laboratory.

" Develop OHT in-service use limits and disseminate results.

PERIOD OF TEST

Sampling of hydraulic fluid, at intervals of approximately 6 months, will commence
as soon as possible, and continue until samples representing usage periods from 0
months to 3 years or longer have been acquired from selected vehicles. If some of
the selected vehicles have not had a hydraulic fluid replacement for 2 years or more,

and if their present maintenance records contain data such as date of fluid change,

hours of operation or accrued mileage, and number of firings since the last fluid

change, it is anticipated that this project could be completed within a period of
approximately I year. If such data do not exist, the project will be required to

continue until the fluids show evidence that their continued use could prove
detnimental to the hydraulic fluid and gun control systems. However, it is anticipated
that this testing program should not exceed 2 years.

A-2



DETAILED TEST PROCEDURES

1. Selection of Test Vehicles and Sampling Interval

The success of this project depends upon accurnte hydraulic fluid data from the

maintenance records of each vehicle accompanying each sample. The maintenance
records of the vehicles to be selected for this program must contain the date of last
hydraulic fluid replacement (and the basis for this change) and supporting
information concerning mileage, hours of operation, and number of firings (to
correlate the effects of firing to the life of the hydraulic fluid). The only useful

information will be acquired from sampling the same fluid from the same vehicle
over time. It is proposed that sets of four vehicles (i.e., two MI09s, two MI 10s) be
selected for sampling which meet each of the following conditions:

" M109 and MI10 vehicles having had their OHT changed recently
(i.e., representing new or extremely low use conditions).

" M109 and MI 10 vehicles having their OHT In use for approximately I year
without being changed.

" M109 and M I0 vehicles having their OHT in use for approximately 2 years
without being changed.

" M109 and MI0 vehicles having their OHT In use for approximately 3 years
without being changed.

This test set will comprise a total of 16 vehicles--eight Ml09s and eight MIl 0s.
When selecting the 16 vehicles, every attempt should be made to match the vehicles

as closely as possible to each other within each of the four OHT "use" conditions.

Once selected, thes vehicles should not be subjected to the "prevailing"

drain/replacement interval for OHT unless absolutely necessary since any vehicle
changes will affect data collection and subsequently introduce variables that we

cannot account for.

Draw initial fluid samples from each of the "slected" vehicles. Samples are then to
be obtained at 6month intervals. It is anricipated that this sampling will provide

sufficient data to establish meaningful in-service use limits for OHT.

Additionally, valuable information will be derived from this analysis of hydraulic

fluids should any vehicles experience a hydraulic fluid related problem as this
information will be made available.
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2. Hydraulic Fluid Sampling Procedure

Standard AOAP sampling techniques should be followed. However, the standard
AOAP sample is 3 ounces and the samples required for BRDEC testing are I quart,

In order to obtain samples representative of the total contents of each hydraulic
system, certain sampling procedures have to be followed.

" Determine the most representative hydraulic fluid sampling point(s) in each
vehicle to be used for this project, Le., the sampling poiAts used for diRwing

hydraulic fluid samples for AOAP analysis.

" Subject the hydraulic system to an oxercising/circulating period to insure that the

fluid in the system is well mixed and the sample to be obtained is representative
Ideally, this exercising period should be one during which the OHT is allowed to

reach its normal operating temperature.

" Rinse a clean, 1-quart sample container with some hydraulic fluid drawn from
the predetermined sampling point. Then completely fill the container and

identify with a stick-on label containing vehicle serial number and sampling date.

An additional, separate form is required for each sample which will contain more
detailed data from the vehicle log book. A copy of the form showing the data
needed is provided as Attachment A.

" Immediately following this sampling, withdraw a standard 3-ounce sample of
hydraulic fluid and submit to the AOAP laboratory for testing using the normal
procedures specified. When this AOAP testing is completed, send a copy of the

AOAP results to BRDEC.

If the withdrawal of these samples has lowered the amount of fluid within the
vehicle's reservoir to below the designated "Full" mark, add the required amount

of new OHT. Record the amount of OHT added, and any other subsequent

additions of fluid during the testing period.

" Forward samples to the following address:

Commander
US Army Belvoir Research, Development and Engineering Center
ATrN: STRBE-VF (Ms. Van Brocklin)

Fort Belvoir, VA 22060-5606
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3. Laboratory Testing

The following laboratory tests will be performed at BRDECs Materials, Fuels,
and Lubricants Laboratory.

Test Test Method

% water ASTM D1744

Total acid number ASTM D664

Viscosity, cSt at 400C ASTM D445

Solid particle contamination, gravimetric method ASTM F313

Particle size distribution (Note: performed only liac Automatic
when gravimetric method indicates th. sample Particle Counter

is "clean" enough)

Galvanic corrosion* FTM 5322

Corrosion rate evaluation procedure*

Steel-on-steel wear (Note: performed only on ASTM D4172

2 to 3 year old samples)

Chlorine contamination

*This te will not be perfmned routinely. but only when suffwd by oter ts data.
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DEFINmONS

Specification Limits. The physical and chemical requirements which a product
must fully meet to be qualified and accepted at time of procurement. These limits are
always cited in every product specification as they prescribe the performance

capabilities which manufacturers/suppliers must comply with.

Deterioration Limits: The extent that properties of an unused product may

deteriorate beyond specification requirements during storage or handling, without
rendering the product unusable. Deterioration limits are described in tolerances
established by MIL-HDBK-2000 which permit use, under certain conditions, of
products that do not fully meet specifications. Deterioration limits are often referred

to as "use limits."

In-Service Use Limits: The extent to which physical and chemical properties of a
product may deteriorate while in use without adversely affecting the performance

capabilities of that product. These in-service use limits will normally exceed the
established deterioration/use limits as they take into account environmental
contamination, system effects, additive depletion, and wear-generated debris. These
in-service use limits are established after laboratory testing has been correlated with

field exervises knowing the full limitations of performance with those products in

question.
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VEHICLE LOG DATA TO ACCOMPANY EACH HYDRAULIC FLUID SAMPLE

Vehicle Serial Number: ___________________________

Vehicle Type:

Sampling Point: ______________________________

* Date sampled:

Date of previous sampling:

Date of last hydraulic fluid Change:

Doat of last hydraulic fluid filtering ("recycling"):

Source/name of fluid filtering ("ecycllng-) process, Nf known:___________

Date of last hydraulic fluid filter replacement, if appicable:

Hydraulic fluid added since las sampilng:

Date Amount of OHT added Reason

Odometer reading:

Odometer reading since las fluid change:

Total hours of service:_______________________

Hours of service since laM fluid change:

Total number of aht fired or equivalent:

Number of shots fired or equivalent since last fluid change:

Point of contact:________________ ________

Please enclose the AOAP report for this smple.

Attachmonit A
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Appendix B
Vehicle Log Data/Hydraulic Fluid Age
for Each Participating Vehicle
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Dm~ , ate A" #4111111 %dag sift* if sit

WVil 11104 2/IS 01-23-U 01 imenth 00143 00100 @0014 004

Willo 9110AI 1/16 03-02-8O 1 inea 001 00711 o 000

ST 0I 111115112 2/1S 1" "-S 011 'mfts m0m0 will0018 00

WV it -1 5)043 3/S 0-1100 07 luenth "M,1 uml 0000m v

W724 110 11/is 0611-H 07 month "oil1 Mi6ll mO 00

W0726 1111W 1 03-02-SO 14 mmeal' 00n" m01 000? 0000?

Ut in 1111M S16 11-21-11 22 Moth' it 0103 043 0011 0011

ut 71 C-71 1110*2 5/Ws 04-lI-9O 27 ammt 040M 0403 014113 0040

11" 111010 1/17 08-19-U 02 meath Yak uak 000k4 0000

11"0 slow4 I/1? 03-17-l 0II maeth 0100 00m0 0020 0116

:1" v10ow IlM 01-r~-81 it math 02441 uak 00m5 00179

11119 A-lI V10043 1/Il OSItt 23 "nth 0MOO 0:21 AM unit

1314 V1OW4 3/11 1-10-61 00"Wth 00151 unit 000u 000

III& slow4 3/11 03-03-19 00 monthI "06 100 00011 00004

1314 111004 3/11 10-10-10 0? Ul"th 01101 0034 0016? 00074

III& V10041 3/IS 04-19-0 03 menth 03 D0245 00934 0000

!4" gl0ow 2/34 06-18-118 00.mrt 58 03701 unM 001111 0O04

1430 glow4 2134 03-00-00 07aakah u44m Oa va VAIN

1431 gl0ow 111? 09-211-19 13"Wt' uit Uni 0011 00710

1012 sl0ow 3/li 04-18-SO 0? math 0151 YA M 001 0010

1612 111101111 3/IS 03-03-00 1limatt, 20 068711 unk 00102 00163

1512 sl0ow 3/IS I0-1l-9 21 math 01012 unit 00824 00196

1612 VI004 3/11 04-11-90 33 vath 06316 0032 0024 "004

17111 slow4 2134 08-1l-SO OO-math 06403 uit 00674 00614

slow3114 2/34 03-00-St 07-akath 00158 Ynk M jilt
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2607 S-12 110OA3 1/11 05-17-10 0 moth 02121 02821 unt UNt

!2033466 S-12 1111"A31 Ill 01-27-11 Of math 0200 00100 00176 00010

1203346 8-12 310143 1/17 03-02-00 If moth 01491 yak 00131 00131

12033446 8-12 *1Uj3 fill 06-1 -66 IN math if Yak jalt 00066 00066
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Appendix C
Particle Contamination Standards

(Based on 100 ml Samples)

NAVAIR 01-1A.17

Particle Contamination Level-By Class

Micron Acceptable Unacceptable
Size
Range 0 1 2 3 4 S 6

5-10 2,700 4,600 9,700 24,000 32,000 87.000 128,000
10-25 670 1,340 2,680 5,360 10,700 21,400 42,000
25-50 93 210 380 780 1,510 3,130 6,500
50-100 16 28 56 110 225 430 1,000
Over 100 1 3 5 11 21 41 92

btal 3,480 6,181 12,821 30,261 44,456 112.001 177.592

Typically and appoximately

Class 0 = Fluid specification Class 3 - Critical systems in general
Class I = Ultraclean system Class 4 a Critical systems, in general
Class 2 = Good missile system Class 5 - Poor missile system

Class 6 = Industrial service

Army MERADCOM (BRDEC) Standard
MIL-STD-1246B, Level 200 for Construction, Earth Moving, and

Material Handing Equipment
Particle
Size Range Number Particle
(Microns) Particles Size Range Number

(Microns) Particles
Over 15 4,190
Over 25 1,240 Over 10 100,000
Over 50 170 Over 20 1,000
Over 100 16

C-.
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Appendix D
Typical Values and Specification
Limits of Some Physical Properties
of MlL-H-6083 Hydraulic Fluids

Specification Typical Value

Physical Property Test Method Limit (New Fluid)

Viscosity, 400C, cSt ASTM D445 13.0, min 13.7

Acid number, mgKOH/g ASTM D664 0.20 0.08

Water. percent ASTM D1744 0.05, max 0.014

Gravimetic insolubles. ASTM F313 0.5. max 0.00
mg/100 ml

Particle size, Automatic
# particles each Particle
size, microns, max Counter

5-25 10,000 2,000
26-50 250 50
51-100 50 10
over 100 10 0

4 Ball Wear, ASTM D4172 1.00, max 0.780
scar diam., mm

Galvanic Corrosion FED-STD-791
(Corrogivity) Method 5322 pass pau
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Appendix E
Laboratory Data for
Used Hydraulic Fluid

Uwoatery Data far Uses Nooravl Fai

Vehicle Smi. l u li Is Plmws Ohre? kid vise. Draw, Par t. part. Part. Part. asIVon. S to; '
0~e~ Ot Ae since Since lat No. 0 40 lod Count Caw~ Covet caot Carr. fear

Ch401 OwIes O811 C (96) 1-21 21-10 11-100 ) 00 (40 ILI
1Icran Uk1ta Micron lisfoe

III[ 06-i0-18 01 mah 00294 0D0W 0.002 0 314 12.1 1.20 1111,10 480 10 0 0.600

111 03-17.09 14 moth 00323 000? 0.010 0.212 13.1 1.24 418,110 2,410 110 1

171 04-23-002 ZSatth vok 00164 0.01 12.1 2.04 139.210 4.380 W2 20

PIIA 09-23-14 00.maiti of* 0022t 0.M08 .121 13.5 3.44 21.600 1.450 100 0 Puts 0.S,

KCFI14 03-06-10 0lunAth vok 00211 0.0011 0.104 13.1 0.40 125,100 2S,,540 2,000 10

PCF IN4 10-05-0 14.math a wok 0.030 13.2 1.01

PC% 114 04-1100016 math 00420 000" 0.21 13.4 32,370 15,010 01.95 Xse

241 08-19-80 04 ath wak 0003 0.0ON 0.242 14.5 12.48 103,00 2,400 170 0 0.701

241, 03-00-01 11 moth ea sil 0.013 0. 14" 13.1 0.16 48, 200 2,050 3S. 10

F2S8 08-ii-00 It moth 0204 00204 0.0014 0.218 13.4 3.20 1.517,030 5.120 280 0 0.623

8K266 03-02-00 It moth 02100 00210 0.113 0.111 13.4 2.11 231,00 2.63 210 0 0.834

F214 11-21-1O 21 math 020D 0020 0.08 13.3 2.06 1 362

PC 20 04-11-90 32 mat% 0334 uft 6.11 13.4 13.31 112,614 20,320 2,710 do0 0 a

314 01-18-00 C6 siati, wAk 0005 0.001 0.2671 , .1 S.1 1.420,130 1,00 0O 0 4 .043

218 03.-0-11 Imoth unk 0001 0.014 0.200 13.1 1.03 312,..30 2,410 100 0 0. 67!

?58 !C-1-0'i 20 geft unit 00332 0.03? '3 1 0.51 615 H

318 04-19-90 28 minth silk silk 0.0 1.1 1.71 1.663,610 2.420 170 4 0.980

Otu3 0-22-N 02 moth 0000 0000 8.03 0.104 13.1 6.10 "50,05 20,240 30 0 0.0i8

WY 4V4 03"-0000 moth 0043 0041 0.041 0.061 13.2 2.10 171.21 21,030 1,14 40

U t 434 112-21-0 I? art h 0 1130 0 113 0.02 3 13.3 2 .3

w4 4 " 4-I1 -90 3 Mnth 01531 00112 0.01 13.1 2.12 1,065,910 0,100 13 20

31501 *023-11 01 ath 0071 0000 0.000 0.141 I3.1 2.71 422',420 25,426 120 2 0.612

WF1501 02-01-It 0 math 00203 0005 0.001 0.121 13.4 3.13 240,120 1.110 1,010 10

Ut -41 10-091 14 math 01318 00120 0.042 '2.2 1.36

W6101 04-12-00 04 math one DO0M 0.01 12.0 1.08 1,211,100 3,110 230 8
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06/10/10
LAWatefy Date for Lim "I'lroufi Fluid

Vehicle SIoml fluid vlot "Net~ Poeent Lcd Wisc. 0u'ev. Olaft. Pert. voe . Part. eaI up. A &&.
%Masr Uo Age Sic.me Since voter %a. 00 go e"of. count Count Count Coian Cor,. mAr

Chemp Change Dog C Unit 5-21 *6-10 11100 J, 100 110 41.
vicwo icron Bir Micron

1111: 4 :1-113-11 01 Mnth 00143 00014 0.042 0.126 13.3 4-48 212.580 1.280 140 0 0 172

111111 03-12-111016 Month 00771 0000 0.0OR 0.124 13.3 2.U6 211,448 2,910 220 1O

WVt ill:-O- 03 iantf 00020 00002 0.017 13.4 0.74

or s1t 04-11-40 07 mnth yat val. 0.01 13.1 1.12 1,411.110 2,320 20 0

11017211 0-11-18 07 math 00611 0001 0.076 0 111 131 3. 011 .201.210 381710 270 10 0.646

WV'26 33-02-19 14 manth 00566 00007 0.248 0.130 13.2 1.13 261,160 3.730 00 10 0.12

Or 726 1: -21 -it 22 math 00143 001611 0.064 13.1 1.111 0 Si5

W 726 04-11 -to27 "nth 04030 0040 0.21 13.4 1.36 1,114,000 4,140 420 0 0.053

119" 06-19-66 02 math uak 0000 0.048 0.243 13.1 3.52 1. 240.8 600 to 0s 0 0.16

1199 03-l7itf Do imnts 00W6 0011 0.048 0. 53 13.s 0.14 1110,1110 27,1110 £20 10

I16 il 9O-25-65 14 mnth vat 00170 0.030 13.7 0.19

:111 056-991 23 "At.% 01300 oak 0.10 13.0 2.16

1314 0-18-80 00.inath unk 00048 0.047 0.274 13.1 1.611 111,A00 4,260 70 0 0 P

1314 03-03-89 00 math 0004 0000 0 Its 0.210 13.0 0.11 Oil,110 1,11910 IS 10

1314 10-16-19 07 Manth 003'j 0074 0.016 12.6 0.815

'314 04-19-60 03 manth 00240 000611 0.10 13.7 4.0 S11190 4.010 1.210 tSo

1431 00-16-61 00.ach ui* 00666 0.016 0.2s$ 13.6 7.30 46.610 2,450 10 to 0t 0.600

14&31 03-00-19 07.ach ak unk 0.021 0.130 13.0 IM5 430,120 1"0 so 0

1439 00-29-6H 13.moch oat 00710 0.011 13.4 0.23

1672 06-11-111 07 Wiach oak 00110 0.131 0.141 14.1 6.04 1.741,100 3,470 00 0 Pos 0.822

1672 03-03-11 14 imath uak 00163 0.0411 0.130 13.7 2.36 210,0110 1,170 060 0

'472 10-11-19 21 math gnIs 00116 0.0110 14.0 0.00 0.033

1672 04-19-10 03 math 0012 0004 0.04 :3.8 1.50 101,760 7,640 1.220 40 0.631

1761 06l-18-88 00.waih unk 00074 0.103 0.1711 14.2 6.76 306. 460 1,370 310 10 pme 0.840

fll 03-00-10 01*ach oak vet 0.041 0.164 13.7 1.74 313,730 2,610 120 0 0.062



0il/'0/90

Laboratory Data for Ud Hydraulic Fluid

VIM,,. Sam I ;iu-d Uat$ Hours Percent Acid Vise. Grav. Part. Port. Part. Pert. , alvan. s a
".,ber Date Age Sine Since later NO. I 40 I nsol. Count Coun: Count Count Corr. Sar

Change Change 04g C (Mg) 5-21 26-S0 1-100 ) 00 (40 kj!
Micron Micron micron micron

1824 08-19-61 00'wnth unk unk 0.017 0.235 13.7 4.38 1.564,7!0 1,610 120 0 pas 0.823

1824 03-02-09 07owntn unk unit 0.171 0.124 13.7 1.59 276.320 5,750 410 0

1824 09-27-89 1340(th unk unk 0.051 13.8 2.0

1824 05-17-90 20*wnth unk unk 0.14 13.9 4.26

1839 OS-1S-9I 00wAnnth unk unk 0.081 0.291 13.7 2.74 626,400 80 100 0 pass 0.2

1839 03-00-89 07#mnth unk unk 0.098 0.277 13.9 0.42 03,.500 1,160 120 0

1839 09-25-89 i3,Mwtol uni unk 0.ou 13.3 0.57

1839 05-60-90 20imnth 03150 unk 0.12 13.6 3.10

2607 OS-17-90 09 month 02021 unk 0.12 13.5

12033460 09-27-89 01 month 00100 00010 0.027 13.8 1 21

:2033460 03-02-89 16 montt. unk 00131 0.242 0.251 13.9 1.66 334,460 9,200 430 to

12033460 08-19-8I 09 month unk 00088 0.050 0.260 13.0 11.42 1,70.750 2.060 40 0 0.791
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Appendix F
Data on OHT Samples by Fluid Age

)9/" 7." 10

Data o OHT Samples y Fluid Age

Ser:as I Change Oate Fluid Age Village Engio t IIter Acid I Vise Gruv. Galvanic 4 hil
Hours Corrosion Va rest

1314 02-22-60 00 month 00806 00067 0,05 0.210 13.6 0.1,

PCFIS4 Ynk 00.mnth 02036 a0229 0.00 0.127 13.5 3.44 PMl 0.50:

1314 vnk 00lmenth 0051 00058 0.007 0.274 13.5 I.M 0.612

1139 unk 00i'nth 03705 00664 0.076 0.2SO 13.6 1.30 0.610

0,91 nk 00.onth 06403 00674 0.103 0.176 14.2 S.76 ps" 0.140

1824 unk c00onth ut 00621 0.067 0.235 13.7 4.38 m 0.823

1839 unk O0o"nth 00365 0003S 0.081 0.291 13.7 2.74 Pass 0.721

rYS01 08-00-66 01 month 00077 00009 0.0 0.147 13.6 3.71 0.612

9Y610 09-02-6 01 month 00143 00014 0.042 0.126 13.3 4.48 0.172

12033468 08-01-10 01 month 020" 00176 0.027 13.8 1.21

NY434 04-00-66 02 msnth 00046 00004 0.033 0.164 13.1 S.18 0.858

I'19 06o03o$6 02 month unk 00094 0.06 0.24 13. I 3.52 0.S8

WY 619 07-06-66 03 month 00795 00270 0.017 13.4 0.74

1314 01-9O 03 month 0103 00634 0.10 73.7 4.0

'672 01-90 03 vath 06376 00824 0.04 13.8 1.50 0.$3!

241 04-00-68 04 month 00376 00038 0.09 0.262 14.5 2.40 0.701

BEY01 12-1I-SO 04 month 0179A 00192 0.07 12.1 IM.6

PCF '84 11-07-09 05 mnth 03313 00376 0.21 13.4

VYSO 1 10-00-88 05 month 0016 00062 0.080 0.127 13.4 3.63

356 02-00-1 06 month 00905 00127 0.011 0.267 13.7 5.18 0.643

171 01-15-18 07 month 00354 00704 0.092 0.314 13.5 6.26 0.60

NY Sig 06-11-66 07 month 00771 00201 0.00 13.5 1.12

W1Y726 01-00-66 07 month 00611 00053 0.071 0.191 13.s 3.01 0. 4

1314 03-69 07 month 01108 00157 0.016 13.6 0.65

1672 01-ll-11 07 month 05575 00731 0.131 0.245 14.1 1.04 p 0.022

PCF1I4 07'Mnth 02597 00297 0.069 0.104 13.6 6.40

F-1
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OTSa On QKT SMotel by Fluid Age

Sr,Il I -419ge Date V"Jd Age vUleage EI: no I later ACid I Viet Grav, Galvah-, 4 Mi.
Hour I Crros.on Nlear Test

'439 ne 07Month 06638 unk 0.020 0.130 13.6 1.56

07gt 10,or th 06556 unt 0.01 0.164 13.7 1.74 0.862

824 O nA O7wOtft 04922 00171 0.171 0.124 13.7 1.59 I
1839 unk 07,,aoth 006194 nk 0.020 0.277 13.9 0.42

Bw619 00-00-88 06 Month 00771 00080 0.068 0.124 13.3 2.68

9w 434 06-00-68 09 month 00423 00047 0.047 0.098 13.2 2.56

199 06-00-88 09 month 01095 00200 0.048 0.153 13.5 0.74

2607 08-01-39 09 Omnth 02621 unk 0.12 13.S

12C33468 11-00-87 09 mth unk 00088 O.bio 0.280 13.0 11.42 0.791

24! 04-00-88 11 "vnthf 00911 unk 0.073 0.1I 13.9 0.86

F126 08-00-67 12 =nth 02040 00204 0.094 0.258 13.4 3.20 0.623

356 02-00-60 13 month 01212 00161 0.074 0.208 13.7 1.03 0.971

1439 unk 13.enntm unk 00719 ^.0l1 13.4 0.23

1624 unk 13.enth 04937 00716 0.061 13.6 2.09

1439 uik '3,nth 00650 0007S .044 !3.3 0.87

'7; 01-1856 14 month 00393 00741 0.070 0.212 13.8 1.96

SWY S0 09-I8 '4 month 01386 00121 0.042 13.2 1.35

9MY726 01-00-68 14 month 00115 00097 0.266 0,130 13.2 I.i 0.742

1672 01-11-68 14 sonth OS875 00702 0.006 0.130 13.7 2.35

PC 184 unk 14font 02163 00326 0.038 13.2 1.87

1199 06-6 16 month 02462 00264 0.030 13.7 0.69

12033466 12-00-81 16 month 014f5 00131 0.242 0.251 13.9 !.46

OW 434 06-64 17ionth 01130 00113 0.023 13.3 2.23

F2 96 06-00-°7 19 moth 0250 00250 0.113 0.116 13.4 2.19 0.4

356 02-1d 20 moth 01545 00404 0.037 13.9 0.S 0.655

1824 unk 20.wnth 0"29 unk 0.14 13.0 4.26

F.2



Omgge 4. 3
'91 ?0/90

Date on 0lT Swpin by fluid Age

So, a I Ciangs Ute F'ct d Age vllage Eng:ne I Water AcidI s Visc Grav. Galvanic 4 hi
HOurs Corrosion vloar Tost

'139 unk 20Omonth 03150 nk 0.12 13.6 3."0

1072 O-66 21 month 06052 00624 0.026 14.0 0.90 0.833

am 434 6-68 22 month 0031? 00162 0.07 13.5 2.12

my 726 01-81 22 month 00143 00169 0.0 4 13.1 1.67 0.565

1195 06-5 23 month 0130 Vek 0.10 13.0 2.14

171 unk 25 month 03224 00530 0.07 12.9 2.04

356 02-88 26 month 01545 00404 O.Os 13.8 1.76 0.968

F"C286 08-6? 27 month 02970 00297 0.039 13.3 2.05 1.362

NY1 726 01-H8 27 onath 0403' 00403 0.21 13.4 5.36 0.853

FdC 286 8-67 32 month 02039 00344 0.13 13.6 13.56 0.848
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Appendix G
4 Buall Wear Test Data

Scar Diameter, mm
1.8

1.4

1.2

0.8 G

0.0

0.4

0.2

0
0 5 10 15 20 25 30 35

Age of Fluid, in Months
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Appendix H
AOAP Data From Ft. Sill Samples

~19/'" 90

AOAP at tro Ft. SiI Sa eis

venici Date Since Since Was Vi K0 F AG AL CR CU 96 71 Pe SN III N Si %A "14 3
CvhIi Change Read

171 5-20- A- - 342 Ol pass 000 007 003 O3 003 00 010 00002 003 Oil 1Oi O 003

KFfe4 10-12-08 248 U M? i$ fail i6 M i 2 so 0I 0 1 OWe NO 0= 060 oi 4 W

PCFI4 4-17-" 301 301 20 fail 014 000 00 002 004 003 000 004 000 000 000 084 014 007 000

PCP184 10-13-89 328 321 2887 92 fail 002 000 001 001 003 000 000 001 000 001 001 056 01 005 000

241 6-10-8 1 I 14 0!? pass 004 000 006 003 003 004 000 005 000 003 000 005 017 002 003

FUC286 03-02-69 - 21 020 pas 002 000 009 002 002 000 000 004 000 001 001 044 Oil 006 000

R1C286 3-22-89 1356 18 pas Oil 000 000 003 002 000 000 004 000 000 000 OS3 Oil 006 000

356 1-27-68 49 49 018 pass OOS 000 011 003 006 004 000 009 000 000 000 414 02! 039 C02

3:5 2-1t-88 71 0 019 pas 005 000 006 003 008 003 000 010 000 000 000 069 019 028 003

358 8-18-S 127 so or pass 005 000 006 003 007 003 000 010 000 000 000 No 0:9 028 .103

356 12-29-S8 142 71 "15 019 ps 002 000 003 001 005 001 000 009 000 000 000 05d 027023 NC

356 3-3-69 168 35 18 pas 004 000 003 002 004 00! 000 007 000 001 000 050 029 0:6 j'0

356 10-16-89 404 333 5i45 20 pass 002 000 000 001 005 001 000 004 000 000 000 039 038 0:4 vC

mta3A 3-2-69 - - 423 Ol pass 001 000 008 001 002 000 000 003 000 001 000 205 014 V2 "c

WY501 8-15-85 77 S Oil pass 002 000 004 101 00 '. ,,* CMO 001 000 000 000 354 020 106 N)O

8111401 10-1Y-89 134 6 20 fail 003 000 006 000 001 001 000 002 000 000 000 !A9 017 a;: OZO

wySO 1 "-2-89 141 2 20 fail 004 000 006 00! 002 002 000 004 001 000 000 233 021 C's !.

wYS01 12-11-89 IS6 2 165 It pass 001 000 001 000 000 000 000 000 002 000 001 001 OIS 0: 3C,

WYi6i 8-1-U1 11 11 017 Pass 004 000 007 003 004 000 000 006 000 002 004 137 016 009 003

OW161 8-16-69 126 117 10 panOOS 000 006 001 006 001 000 005 001 000 001 296 Oil 020 001

WYOt19 08-24-09 127 111 771 16 tail 005 000 006 001 005 001 000 005 000 000 00! 252 019 04 000

0111 119 8-24-19 127 0 - II pass 000 000 001 000 000 000 000 000
0
000

0 0  0 0  
6 010 00 000

lW?20 3-3-19 97 97 658 01l pau 002 000 007 001 001 00l 000 002 000 000 000 IlI 020 009 000

II" 6-3-88 I 190 567 018 pass 003 000 007 003 002 003 000 004 000 003 000 005 015 000 004

l1s -1919 221 - 1 palse 000 000 002 002 020 004 000 006 001 000 001 142 016 040 004

1314 3-2-88 10 0 0f pass 005 000 00S 003 006 003 000 006 000 003 003 131 017 OIl 004
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Page 4o. 2
j0/11/90

AOAP Da:a frm Ft. Sill Saples

VoII,-c' :Ato S e@ S;nCS Odes Vi a 20 q AG AL CR CU MO Ti PI S1 I 1 St 4A ZN a
ovhl Chariot Rea

314 -- 86 8 01 M 04 000 012 00 00 004 0 007 00 000000 111 0210 003

1314 12-29-88 77 67 019 pass 002 000 003 0004il 001 000 009 OO0 00 0 0 247 023 044 000

1314 1-13-89 82 1 019 pass 001 00 004 0t 06 01 00 007 00 00 00 229 0223M 00 0

1314 02-22-89 12 1 446 8 foil 003 00 00 000 006 001 000 000 00M000 179019 02 9 000

1439 5-6- 60 660 - 017 M 05 00 906 005 004 004 000 001 000 000 on 03S 023 00 004

1436 3-9-09 694 6ot 16 ss 004 000 Oil 001 002 003 000 004 001 001 001 013 031 001 000

1439 1-16-90 - 11II 19 ss 001 000 003 001 000 000 000 001 o00 000 000 003 013 003 000

1672 I-t1-OS 629 0 019 pas 005 000 007 005 00 004 000 007 000 003 000 031 Ol Oil 003

1672 B-16-88 739 1110 016 pass 007 000 007 006 01 004 000 013 000 000 000 034 020 Oil 002

167? 12-29-81 71 132 Si 019 pass 004 000 003 00c2 010 006 000 001 000 000 000 014 017 009 000

1672 3-3-19 792 41? 1 pass OOS 000 004 002 009 000 000 003 000 001 000 012 019 003 OCO

1672 10-11-69 824 191 6062 18 pass 003 000 004 001 009 001 000 002 000 000 000 015 016 004 006

1791 -4-68 612 6S2 017 pass 006 000 008 004 004 004 00 008 002 002 003 025 OIS 007 C04

1624 5-20-6 61 18 oil pass 004 000 00S 004 005 004 000 005 004 002 000 038 024 007 103

1824 3-2-49 - - 1 pass 002 000 004 001 003 00 000 003 M0O 00 000 048 018 004 000

1624 10-17-69 716 716 4936 20 pass 003 000 006 002 00, 001 000 008 001 000 001 07?2 01 012 000

;639 5-20-89 320 320 017 pass O04 000 OOS 004 004 004 000 007 000 003 000 0,0 032 007 003

;839 5-19-89 40 :3 ;ass 012 000 003 003 003 003 001 003 000 001 001 060 023 001 CO

12033468 1-20-88 68 t6 0!7 pass 004 000 001 004 00 004 000 010 000 002 000 067 022 029 003

j2033490 03-02-60 131 131 20 fail 006 000 003 002 013 001 000 009 000 00 000 095 Oil 021 000

12033468 1o-17-69 176 176 2f48 020 pass 003 000 004 001 013 002 000 012 000 ON 000 107 019 026 000
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Appendix I
Data From Gravimetric Analysis of

* Samples Using 5.0 Micron Filter,.
as Used In Navy Patch Kit Test

Data fro aintrit Analysis af Settls
Us, .9 S 0 Illicof Fi I w. a s a M ina avy Patch Kit Test

VS'i~cl* Saml Fluid Grov Ili IW agg Oial IIIVAIN VAS 163111 Particle Partile Paticl Partlclt
kew Date A"4 avloo al q1100 all Noting 01-141.-I Clus Cmii couli Count Coaft

0.45 Much 1.0 micrn of Patch Close 52 61 1-1110 Over 00o
Filter F: tilat 11lerome 1114one 1crom icrUlto(&

it"0 00-21-611 i~math 0.23 0.05 0456.61.

li1s 04-16.80 26 mnth 1.16 4.12 14ll,.01.6 '0 H ' I Su o 1,651 420 lie 0

350 10-1060 20 moth 0.51 0.16 pasel.6

4.30 03-00-111 07.msth L.W 0.21 pus. cl.1 '0 Close 12 $30, 120 796 A 8 0

1101 04-!124 04 math Lu 0.24 Pals. 01.5 '0 )11 1.277.510 1.750 210 0

1114 03-13-60 00 moth 0.19 0.11 last A0 Close 12 167.110 1.600 ISO :1

16310 00-25-0 Ilmath 0.67 0.41 fail, dt.#

360 03-03-61 13 math 1.63 6. 41 last '0 Ciaos 11 312,130 2,410 100 0

1314 04-111-110 03 matn 0.40 0.411 l61,C1.10 '0 CiaoS A 00 6,010 1,2" 60 O

It"0 03-00-10 47eMata 0.42 0.54 pas'cl.1 be Clam 11 633,1100 1.160 120 0

1019S 10-01-81 03 math 0.74 0.8 Pam, CIA1

13t4 10-106111 07 moth 4.611 0.5? fail,el.I0

IV $0 04-11-00 0, owth 1.12 0."8 paol4. 1 A 1,12 1,41,10 2,320 250 0

11"0 012s-61 6 math 0." 0.6 tlll'c.l0

NMI10 03-01-111 06 moath 3.53 0.72 lost * '0 Clams 11 240.620 1.1110 1,010 10

'572 04-19-003 lmoth 1.0 0.74 faill.l0 '0 Ciaos 11 01.760 7. me 1,220 AO

1&1 0340-60 11 maith 0.6116 0. 11 6as.4l.1 '0 ClaM II 418.260 2.60 .10 10

1412 10-11-0 21 gianth 0.60 0.71 toll'el.16

IYl 04-"24 IS maoth 2.04 0.76 fall,el.I0 '0 Clue 12 020,270 4.3011 6o0 20

FOM 03412119 19 th 2.11 0.77 fall.cI.l0 0 Clam i6 23.W 2.620 tit 0

ROW 4 WI0-27- 01 math 1.21 0. IT faslI.8.10

MY1724 11-21-41 22 math IV6 0.761 pgm~cl. I

Or 720 04-11-10 27 math 1.3 0 180.41.1 '0 P12 1.174,000 4.740 420 0

1924 0341-66 07wth 1.10 0.80 15i1.cf.I0 '0 Clams i0 2711.220 1,71 410 0l



Popl 4. a

ofs 12/0
OWt& frn Greiesutri Analysil at Saplies

Using 5.0 micron Filter, ua is s in Navy Patch Kit Toat

Vshice Sele Fijid grev Imel Grsv Imai Visual VAIK AS W 163 Partitlt Parit Paticll Piartei
Numer Dee g /100 of m91lO ml Rati n 01-IA-17 Class Count C out Count Count

0.46 hlcr n 1.0 Micron of Patch Cila S'21 2-0 51-104 Over 100
FnItor FIlter It rOng Mitros i ro"s vlciron

W 1, 03-02-9 :4 Nsfnth 1.13 0.n 1ost 4 Class 10 211,130 3,73C 0 ;0

1711 03-00-1 07math 1.14 0.13 esoCc.S A Class II 313.730 2,110 120 0

NY 501 10-OS-SI 14 mnth 1.31 1.02 ftil.CI.

N 434 04-11-10 22 month 2.12 1.16 toil,el.6 A Clias 12 1,085,10 6,160 in 20

1199 03-171-9 09month 0.74 1.31 fail, cIA 4 Clas 12 180.810 27,150 420 10

1672 03-03-00 14 mnth 2.36 1.40 lost 4 Cless 10 270,000 1.170 160 0

WY 434 11-21-SI 17 month 2.23 1.41 fail,cl.

12033468 03-02-81 16 mnth 1.66 1.44 filcl.S1 4 Class 11 334,460 1,200 430 10

SMYSI0 03-02-S0 0S onth 2.10 1.52 lost 4 Class 10 251.440 2.470 220 10

81Y 434 03-02-I0 0lwsnth 2.56 1.53 tail.cl.6 4 Class 12 178.270 21,530 1,240 40

1639 05-16-90 20nWnth 3.10 1.51 lost

1624 02-27-6 13.innth 2.0 I.62 faii,cl.8

KF 184 10-05- 9 14mnenth 1.87 1.77 14t,l.l0

1119 9 -'--90 23"; 2.1 1.83 lost

171 03-17-0I 14mont) 1.96 1.94 faiIcl.8 4 Class 11 418,770 2,450 110 C

1524 05-17-0 20*month 4.26 2.25 lost

FVC266 11-21-89 27 oanth 2.06 2.30 fai. cl.7

PCF 184 04-11-10 05 nth 26.76 foal,cl.I )G )12 37.370 55,070 65.60 xxx

2607 05-17-10 01 mnth 3.53 lost

7M 288 04-1:-20 32 onth 13.51. 4.84 lost >6 Clas 12 212.60 21,320 2,780 400

FIB4 03-06-SI 07iownth 3.41 8.87 lost '8 Clus 12 134,710 25,140 3,60 160
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Appendix J
Correlation of Gravimetric Insolubles

10Navy Patch Kit Rating 1

6 -6

4-.4

2 -2

0 0.5 1 1.5 2 2.5
Gray Insol, mg/O0ml, 5.0 Micron Filter

- Navy Patch Kit Class

Navy Patch Kit Rating: Classes 1, 3,5 are passes
6-= fail; 7, 8,9 ane worse than 6
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